Centimeter-sized single crystals of Ba 2 LaFeNb 4 O 15 were grown from a high-temperature solution by using LiBO 2 flux and a sealed platinum assembly. The obtained single crystals display the same physical properties as their ceramic counterparts. A frequency-dependent dielectric permittivity maximum was found (T m = 100 K at 5 kHz), which indicates relaxor behavior. Magnetic susceptibility measurements revealed purely paramagnetic behavior between 10 and 350 K. X-ray diffraction measurements of Ba 2 LaFeNb 4 O 15 single
Introduction
Materials with the tetragonal tungsten bronze (TTB) crystal structure can display a large variety of physical properties depending on their chemical composition; these include photoelectrochemical properties, [1] properties suitable for use as solid oxide fuel cell anodes, [2] [3] [4] [5] nonlinear dielectric behavior, and piezoelectric, pyroelectric, ferroelectric, and relaxor responses. [6] For these latter properties, TTB niobates are particularly relevant, owing to the "ferroelectrically active" nature of the Nb 5+ ions. The general formula of TTB-type materials may be written as A 2 BC 2 M 5 O 15 , in which the A sites contain large ions such as alkali and alkaline-earth ions, the B sites can contain rare-earth ions, and the octahedral M sites accommodate cations such as Ti 4+ , Nb 5+ , and Ta 5+ . The C sites are usually empty in ferroelectric TTB materials with the notable exception of K 3 Li 2 Nb 5 O 15 . The presence of crystallographi-1 crystals revealed an incommensurate structure at room temperature with a bidimensional modulation characterized by vectors q 1 = (α, α, 1/2) and q 2 = (α, -α, 1/2) with α = 0.295 (1) . This crystal growth method offers a promising elaboration route to centimeter-sized crystals of niobate-based compounds, which may not be grown from the pure liquid phase, especially those with a tetragonal tungsten bronze (TTB) structure.
cally nonequivalent A, B, and M sites, and an extra C site provide additional degrees of freedom with respect to perovskites, for example, for the manipulation of the crystal structure, and hence these materials offer huge compositional flexibility. [7] The most widely studied members of this family are barium sodium niobate Ba 2 NaNb 5 O 15 (BNN), the archetype of TTB ferroelectrics, which displays interesting nonlinear optical, electro-optical, and piezoelectric properties. Many studies of these materials in single-crystal form can be found in the literature. Several deal with pure and rareearth doped BNN growth experiments performed by the Czochralski technique. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Microtwins, related to the orthorhombic structure of BNN, and cracks caused by thermal expansion along the c axis in the ferroelectric phase transition [14, 24] are observed in such crystals. Crystalline fibers grown by the laser-heated pedestal growth (LHPG) [25] [26] [27] [28] [29] and the micro-pulling-down technique (μ-PD) [30] [31] [32] [33] do not suffer such formation of cracks and twins. These growth techniques can produce high quality BNN crystals of limited size (below 1 mm diameter). Since 2006, the optical properties of BNN single crystals (with sizes up to 2 ϫ 2 ϫ 3 mm 3 ) activated with trivalent lanthanide ions and grown in Na 2 B 4 O 7 flux have been examined. [34] [35] [36] Structural features play a crucial role in the physical properties of TTB niobates, especially their dielectric properties. In the paraelectric state, the TTB structure is expected to be centrosymmetric with space group P4/mbm.
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In the polar state, dipolar moments are usually induced by displacements of niobium ions along the c axis within their octahedral sites to yield a structural description in the noncentrosymmetric space group P4bm. Although early structural investigations on BNN [38] [39] [40] [41] and Sr 1-x Ba x Nb 2 O 6 (SBN) [42] [43] proposed a commensurate model for the crystalline structure of these TTB niobates, some structural subtleties were also pointed out (barium position splitting, octahedral tiltings).
Schneck et al. [44] and Labbe et al. [45] revealed the incommensurate character of the crystal structure of SBN, which is similar to the previously discovered incommensurability in BNN [46] and appears in combination with ferroelastic properties. [47] Simon et al. [48] showed that SBN crystals exhibit anisotropic dielectric behavior. They behave as relaxors along the [001] direction and as ferroelectrics along the [100] direction; such features are possibly related to the existence of structural modulations. Recently, the incommensurate structure of SBN was solved and refined as a five dimensional (5D) modulated structure in the superspace formalism. [49] In 2012, Graetsch et al. [50] [51] [52] [53] [54] [55] demonstrated that both Bi-and La-based compounds exhibit relaxor behavior, whereas Nd-, Sm-, and Gd-based analogs are classical ferroelectrics. In Ba 2 RENb 3 Ti 2 O 15 compounds, deviations from the ideal TTB symmetry caused by an incommensurate modulation was associated with relaxor behavior, whereas a commensurate modulation was observed for phases exhibiting ferroelectric behavior. [56] [57] [58] [59] [60] The above examples demonstrate the intricate relationships between the composition, structure, and properties of TTB systems, which were illustrated in an original way by the study of Ba 2 REFeNb 4 O 15 composite multiferroic ceramics. [61] At room temperature, the crystal structure of Ba 2 REFeNb 4 O 15 was described in a "pseudotetragonal" symmetry, space group Pba2 (no. 32), with a ≈ b = 12.514(1) Å and c = 3.941(1) Å, and there was suspicion of the existence of structural modulations. [61] The Ba 2 REFeNb 4 O 15 family also shows an interesting correlation between structural and dielectric properties, which depends on the size of rare-earth cations. An uncommon evolution from ferroelectric to relaxor properties was found in the related solid solution Ba 2 Pr x Nd 1-x FeNb 4 O 15 .
[62] The accommodation of rareearth ions in the square channels of the TTB framework appears to be the critical parameter that governs these dielectric behaviors. Indeed, a distortion of the octahedral framework is observed and is especially significant for the ferroelectric representatives (RE = Nd, Sm, Eu; Figure 1) . Figure 1 . (a) Crystal structure of TTB that shows the small rareearth cations inside the square channels surrounded by oxygen octahedra and the direction of the displacement of these octahedra. Schematic representations of (b) two layers of octahedra along the c axis in the commensurate TTB matrix and (c) the octahedral tiltings along the c axis induced by the rare-earth ion inside the square sites for the TTB matrix, which results in a doubling of the c parameter.
In these rare-earth substituted TTB compounds, and more specifically in the Ba 2 REFeNb 4 O 15 family, single crystals are necessary for investigation of the intrinsic physical and structural properties as well as their anisotropy. Focusing on these objectives, the high-temperature solution growth of Ba 2 REFeNb 4 O 15 (with RE = La, Pr, Nd, Sm, and Eu) has been undertaken and has already allowed the identification of a successful growth strategy. [63] However, in these initial experiments, the evaporation of the LiBO 2 flux impeded the growth of centimeter-sized single crystals and altered the quality of the as-grown crystals as well as their chemical homogeneity within the same batch. Hence, the optimization of the crystal growth process is of great importance, especially the inhibition of the flux volatilization under a controlled atmosphere by using a sealed platinum assembly crucible to obtain chemically and crystallographically homogeneous crystals. In addition, temperature cycling during the growth process and the approximate determination of T solidus allowed centimeter-sized crystals to be obtained.
This work focuses on the lanthanum-based compound, namely, Ba 2 LaFeNb 4 O 15 (BLFNO), which is considered as the prototype of the Ba 2 REFeNb 4 O 15 family. Following preliminary experiments that gave essential insight into the 30/70 mol-% region of the BLFNO-LiBO 2 phase diagram, [63] we present the optimized growth conditions that led to centimeter-sized BLFNO single crystals. Their chemical, physical, and structural properties were investigated by means of electron probe microanalysis/wavelength dispersive spectroscopy (EPMA/WDS) analysis, dielectric and magnetic measurements, and single-crystal X-ray diffraction.
Results and Discussion
The obtained BLFNO crystals were trapped in the remaining flux load and no weight loss of the assembly was detected. Single crystals ranging from millimeter to centi-www.eurjic.org FULL PAPER meter size grew within the whole load volume. Crystals with increasing size were actually spread from the bottom of the crucible to the surface of the load (Figure 2a ). A centimeter-sized crystal (Figure 2b ) was extracted and cut after orientation by means of the back-reflection X-ray Laue diffraction method (Figure 2c ). 
Chemical Composition and XRD Analysis
EPMA performed on several crystals confirmed the formation of the TTB phase with uniform Ba 2 La 0.9 Fe 0.8 Nb 4.2 O 15 composition (Table 1) . Small quantities of maghemite and fergusonite phases were also detected as side products by XRD. Their formation is consistent with a deviation from the stoichiometric composition Ba 2 LaFeNb 4 O 15 in the as-grown crystals. For this reason, special attention was paid to microprobe EPMA/WDS analysis, to check the homogeneity of both the crystals and the batch. In contrast with the crystals that were grown under uncontrolled atmosphere conditions, the endothermic flux volatilization of which entailed large thermal fluctuations at the liquid top, the as-grown crystals obtained here display a uniform black color and are devoid of composition variations. The growth conditions and control of the nucleation by temperature cycling have, thus, been optimized for the growth of centimeter-sized and chemically uniform BLFNO crystals. (2) formulation, obtained by considering a fully occupied octahedral framework, displays a readjusted Fe/Nb ratio, which compensates for the lanthanum losses and maintains electrical neutrality.
Dielectric Properties
The systematic faceting of the crystals suggests that the crystallographic face that has the slowest growth rate is the (001) face, which is perpendicular to the polarization direction. Indeed, in the TTB structure, the off-centering of niobium ions within the octahedra often induces dipolar moments that are oriented along the c axis. Therefore, this situation is highly favorable for dielectric characterization, because the measurement can be performed with electrodes perpendicular to the polarization direction. The (001) faces of the oriented crystal were sputtered with gold electrodes for dielectric measurements. The real and imaginary parts of the dielectric permittivity εЈ and εЈЈ were then extracted for both measurements ( Figure 3 ). The dielectric measurements revealed broad, frequencydependent maxima in both the real and imaginary parts of the dielectric permittivity. Such features are characteristic of relaxor behavior. It is thus shown that our flux-grown, centimeter-sized BLFNO crystals exhibit a relaxor behavior similar to that observed in the corresponding ceramics. [64] Moreover, this result confirms that the relaxor behavior of BLFNO is an intrinsic response of the TTB framework.
However, contrary to what is observed in ceramics samples, a rapid increase of dielectric losses on heating of asgrown single crystals is observed and suggests the onset of electronic conduction in the crystal. As this conduction phenomenon was substantially reduced by post-annealing treatment in an oxidizing atmosphere, oxygen vacancies are likely to be involved. Oxygen vacancies can be created or suppressed by annealing in reducing (N 2 ) or oxidizing (O 2 ,
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Date: 08-04-13 10:26:10 Pages: 10 www.eurjic.org FULL PAPER air) atmospheres, respectively. The effect of such annealing conditions on the dielectric properties of oxides has been extensively reported. [65] [66] [67] [68] [69] In the case of our BLFNO crystals, it should be recalled that they were grown in a platinum assembly sealed under vacuum, that is, in a slightly reducing atmosphere. The growth conditions may thus favor the formation of oxygen vacancies in as-grown single crystals, the concentration of which is reduced upon annealing in an oxidizing atmosphere.
The transition temperature (T m = 112 K at 1 MHz) and deviation temperature (T d = 190 K at 1 MHz, deviation from Curie-Weiss behavior) after annealing are slightly different from the corresponding temperatures determined for the as-grown crystal (T m = 118 K and T d = 170 K at 1 MHz). These discrepancies in the T m and T d values of asgrown and annealed crystals may actually be related to the sensitivity of the TTB polar lattice to oxygen vacancies (asgrown vs. annealed). Beyond these variations of T m and T d , the relaxor behavior is retained in both as-grown and annealed crystals.
Magnetic Properties
Surprisingly, the magnetic susceptibility of BLFNO single crystals exhibits Curie-Weiss paramagnetic behavior over the 14-300 K temperature range. This is in great contrast with the magnetic susceptibility of BLFNO crystals reported in ref. [63] A negative Curie paramagnetic temperature θ p = -17.4 K was obtained, which indicates antiferromagnetic (AFM) interactions between electronic spins. The effective magnetic moment in this compound is ca. 4.91 μ B / Fe 3+ ion, which is lower than the free ion effective magnetic moment 2[S(S + 1)] 1/2 μ B ≈ 5.92 μ B . A deviation from the Curie-Weiss line appears at ca. 14 K (Figure 4a , inset) and is probably caused by the development of AFM correlations at low temperatures. In addition, although the M(H) curve at 300 K is perfectly linear, the same curve at 4 K exhibits a slight S shape (Figure 4b) . However, the ratio χ/χ C-W ≈ 1.2 remains very low down to 4.2 K. In the simplest situation, the sign and magnitude of these couplings can be estimated by means of the GoodenoughKanamori-Anderson (GKA) rules. [70] For example, these rules predict that (1) a 180°Fe-O-Fe coupling yields strong AFM exchange integrals (ca. 750 K, strong σ AFM overlapping and weak π AFM overlapping), (2) 
Crystal Structure
The space group, the lattice parameters and the modulation vectors were determined by investigation of two single crystals (with a Kappa CCD four circles diffractometer and an IPDS II STOE two circle diffractometer), which are referred to as crystal 1 and crystal 2, respectively. It was found that the Bravais lattice of the main structure is primitive and the extinction conditions are compatible with space group P4/mbm (no.127). The evidence of structural modulation was found in several samples at room temperature, including crystal 1 and crystal 2. The reconstructed (0kl) and (h0l) precession photographs (crystal 1) revealed satellite reflections positioned exactly halfway between each row of main reflections along c*, which indicates that the k Z component of the modulation vector is 1/2.
The positions of the first-order satellite reflections observed in the (hk0.5) plane ( Figure 5) , with respect to their corresponding main reflections, can be indexed by a bidimensional modulation described by two modulation vectors q 1 = (α, α, 1/2) and q 2 = (α, -α, 1/2) with α = 0.295(1). The value of α is evidence that BLFNO single crystals adopt an incommensurately modulated crystal structure at room temperature. This bidimensional modulation is compatible with the P4/mbm space group associated with the main reflections. This leads to a 5D crystal structure in the superspace formalism, which will be described elsewhere.
Refinements of the basic structures were performed in the space group P4/mbm for both crystal 1 and crystal 2. Details of the data collection and refinement are summarized in Table 2 , and the atomic parameters are listed in
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Date: 08-04-13 10:26:10 Pages: 10 www.eurjic.org FULL PAPER Figure 5 . Reconstructed image from observed BLFNO single-crystal data of the (hk0) (left) and (hk0.5) (right) planes with hklq 1 q 2 indexations for some mean and satellite reflections, respectively. Table 3 . Restraints were introduced in the refinement to maintain electroneutrality and to force a full occupation of the octahedral framework. Both refinements converged to satisfying agreement factors and comparable atomic positional and equivalent isotropic displacement parameters. The refined chemical compositions are identical but are significantly different from those extracted from EPMA characterization. However, one should keep in mind that these compositions are associ- ated with an incomplete structural model that does not take into account the bidimensional modulation that affects the TTB framework. The nature of this modulation (positional, occupational or both) may affect the overall composition as evaluated by crystallographic means. In the refined crystal structures, the barium sites within the pentagonal channels are fully occupied. The O2, O3, and O4 atoms, which form the equatorial square of the NbO 6 octahedra associated with the Nb(2) site, display octahedral distortion with small variations of the Nb-O distances and changes of the intra-octahedral O-Nb-O angles ranging from 81.23 to 97.81° (Figure 6a ). Owing to its symmetry, the Nb(1)site (Wyckoff position 2d) is not affected by such distortions, and the cation-oxygen lengths are equivalent for this regular octahedron (Figure 6b ). The distortions affecting the Nb(2) site result in slight shifts of the centers of negative charges, so small dipolar moments located in the (ab) plane are present in BLFNO single crystals at room temperature. The absence of a macroscopic spontaneous polarization, as demonstrated by dielectric measurements would then be due to the fourfold symmetry axis located at the center of the square channels, as it implies a perfect compensation of in-plane dipolar moments. In the basic structure, this situation could be compatible with an antiferroelectric state, although the actual polar state of the sample should account for the structural modifications associated with the incommensurate modulation. These may, for example, either hinder the full compensation of in-plane dipolar moments to yield ferrielectric behavior or suppress the distortions at the origin of the in-plane dipolar moments. It should be noted that in-plane dipolar moments
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[71] The atomic displacements ellipsoids of the O atoms are anomalously elongated in the basic structure, either perpendicular (O1 and O5) or parallel (O2, O3, and O4) to the tetragonal c axis (Figure 6b ). This suggests that the large atomic displacement parameters of the anionic framework in the basic structure encompass a static contribution from displacive modulations, in addition to the thermal vibrations of the atoms. The atomic displacement ellipsoids of the O atoms are similar to those reported for calcium barium nitrate (CBN). [50] These modulations are likely to play a role in the dielectric behavior of BLFNO crystals. Furthermore, the modification of T m and T d by post-annealing under oxygen shows that the dielectric properties are sensitive to oxygen vacancies. Thus, one may expect that oxygen vacancies may also affect the aperiodic modulation that takes place in the anionic framework. Correlations between defects and structural and dielectric properties in TTB have been previously investigated, [72] however, determination of such correlations in BLFNO first require a thorough study of the 5D modulated structure.
In our early studies of the Ba 2 ReFeNb 4 O 15 (BREFNO) family, [61] we envisaged the existence of such aperiodic features. However, we did not actually expect them in the lanthanum representative, which is paraelectric at room temperature, as we supposed they were related to the ferroelectric state. Thus, the present observations, and the possible existence of in-plane dipolar moments associated with a ferri-or antiferroelectric state, may help us to understand some overlooked aspects of the crystal chemistry of TTB ferroelectrics.
Conclusions
Centimeter-sized BLFNO single crystals have been grown by a high-temperature solution growth method under optimized conditions (sealed platinum assembly, thermal cycle). Direct observation of the solidus was possible following a preliminary experiment, thanks to the use of an inverted thermal gradient, which could prove useful for the exploration of growth conditions. A combination of EPMA/WDS analysis, dielectric and magnetic characterizations, and single-crystal XRD analysis firmly established that the high-temperature solution growth process allows for the growth of higher quality, centimeter-sized, chemically and structurally homogeneous BLFNO crystals. This process should prove fruitful for the growth of other representatives of the BREFNO family and could probably be used to grow others niobates for which molten-state growth methods are inadequate.
The chemical, structural, and physical properties of BLFNO crystals are preserved with respect to the corresponding polycrystals. A slight modification of the chemical composition, consistent with the behavior observed in polycrystalline Ba 2 REFeNb 4 O 15 samples, was detected from EPMA, XRD, and magnetic properties studies. The relaxor behavior of BLFNO crystals was confirmed. In contrast with previous studies, paramagnetic behavior was observed for BLFNO crystals down to 14K, a temperature below which a deviation from Curie-Weiss behavior was observed because of AFM interactions. An incommensurately modulated structure was revealed in BLFNO single crystals at room temperature. The modulation vectors can be expressed as q 1 = (α, α, 1/2) and q 2 = (α, -α, 1/2) with α = 0.295(1). Refinement of the basic structure revealed the possible existence of in-plane dipolar moments, which should be confirmed by further investigations dedicated to the description of the crystal structure as a 5D aperiodic crystal in superspace formalism.
These results and the ability to grow centimeter-sized single crystals offer promising perspectives for the crystal chemical understanding of TTB structured materials.
Experimental Section
Synthesis: The synthesis of BLFNO powders was performed by a conventional solid-state reaction. High purity starting reagents, barium carbonate BaCO 3 (Cerac, 99.9 %), lanthanum oxide La 2 O 3
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Date: 08-04- [63] the growth of single crystals of BLFNO requires precise control of the growth conditions to obtain chemically homogeneous TTB crystals. In this first study, growth attempts were undertaken in a topopen platinum crucible under air, and the volatilization of the LiBO 2 flux proved to be an important and uncontrolled growth parameter. Several growth attempts have shown a high rate of nucleation of BLFNO crystals with a high volatilization rate of the flux. This was detrimental to the growth of crystals with dimensions larger than a few millimeters. Moreover, crystals analysis highlighted substantial variations of the crystals composition as well as different crystallographic structures.
In the present work, we aimed to understand the 30/70 mol-% region of the BLFNO-LiBO 2 phase diagram in the temperature range 850-1330°C, which was previously investigated for the growth of BLFNO crystals. [63] BLFNO flux growth under a controlled atmosphere was achieved for the first time. LiBO 2 was chosen as solvent with a BLFNO/LiBO 2 molar ratio of 3:7, as previously determined. [63] BLFNO and LiBO 2 powders were mixed together by dry ball-milling for 1h, and the final mixture was compacted into 1 cm high and 1 cm diameter pellets. A platinum crucible was loaded with BLFNO-LiBO 2 mixture (20g) in the form of powder and pellets ( Figure 7) . To minimize the volatilization of the solution during the growth and with the assumption that the LiBO 2 vapor pressure at ca. 1300°C ranges from 10 -3 to 10 2 atm, [73] [74] [75] the crucible was then placed in a platinum chamber. This external Pt chamber was sealed under primary vacuum (4 ϫ 10 -3 mbar) in such a way as to avoid buckling during the thermal process. The Pt crucible and chamber assembly was placed into a vertical resistive furnace with a 3°C cm -1 axial thermal gradient. This thermal configuration was designed to initiate the crystal growth and remove the latent heat of crystallization at the bottom of the inner crucible. Thus, this would allow us to overcome the thermal fluctuations at the top of the liquid that are likely to be induced by the endothermic and unsteady flux volatilization.
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Two growth attempts were performed. In experiments 1 and 2, the temperature was increased to 1273 and 1323°C, respectively, with a dwelling time of 24h. The solutions were cooled to 850°C at a rate of 1°C h -1 . Finally, the last part of the growth was monitored with a -30°C h -1 temperature slope down to room temperature.
The first and second growths led to as-grown BLFNO crystals with average sizes of 3 and 6 mm, respectively (Figures 8 and S1 ). No weight loss for the whole Pt assembly was measured, which proves that LiBO 2 volatilization was successfully controlled by means of this new set-up. Consequently, the control of the supersaturation of the solution was made possible by exclusive variation of the temperature of the Pt assembly and, thus, more steady crystal growth could be performed than that for previous experiments with top-open crucibles.
[63] (Figures 8b and S1a). In experiment 2, numerous and large white crystals of LaNbO 4 were obtained, whereas experiment 1 yielded fewer and smaller LaNbO 4 crystals. Few details can be found in the literature about single-crystalline LnNbO 4 lanthanide orthoniobates. They adopt the fergusonite structure and can display luminescent properties [76] [77] and a ferroelastic transition. [78] Apart from a single-crystal structural study in 1977 by Tsunekawa et al. [79] and crystal growth by the Czochralski method, [80] previously investigated LnNbO 4 crystals were prepared by flux growth methods, [81] [82] [83] and Octaviano [84] recently reported the use of the floating-zone method at 1300°C. Our experiments thus show that the BLFNO phase grown in LiBO 2 flux is not the only stable phase over the 850-1330°C temperature range. This suggests that BLFNO could exhibit an incongruent behavior, which may lead to a different stoichiometry of the BLFNO single crystal than the one expected from the initial BLFNO solute.
In addition, the nucleation rate of the BLFNO crystals was found to be slightly higher during the first experiment, in which the load www.eurjic.org FULL PAPER
was not completely molten. According to the thermal gradient set (measured without Pt chamber assembly) in the vicinity of the solid-liquid boundary observed in Figure 3d , the solidus temperature was found to be around 1275°C for the 30/70 mol-% BLFNOLiBO 2 mixture. Above this temperature (i.e., at higher heights in our assembly), we observed that the nucleation and growth of numerous BLFNO single crystals increases as their location lies closer to the surface of the load. Although experiment 2 has shown a complete melting of the load, which led to the growth of larger BLFNO crystals and numerous crystals of secondary phases, experiment 1 led to smaller BLNFO crystals and a lower proportion of smaller LaNbO 4 crystals. An attempt to grow large-sized crystals of BLNFO with low formation rates of γ-Fe 2 O 3 and LaNbO 4 phases was considered and is presented in the following.
Large-Sized BLFNO Crystal Growth: As previously described, a 30/70 mol-% BLFNO-LiBO 2 mixture (20 g) was used. The assembly used previously was placed into a vertical resistive furnace with a lower inverted thermal gradient G = 0.5°C cm -1 . The chamber was then sealed under primary vacuum (4 ϫ 10 -3 mbar). The growth temperature was set to 1293°C, which is intermediate between the temperatures investigated in the previous experiments. The cooling rate was reduced to make the crystal growth process steadier. The classical way of growing crystals from solutions, which presents a high probability of polynucleation rate, as widely described by Elwell and Scheel, [85] was carried out and is described in Figure 9 . It consisted of: (1) The system was finally cooled to room temperature at a rate of -30°C h -1 . No rotation of the crucible was set, so that crystal growth was only affected by buoyancy-driven convective motions and chemical diffusion of species within the solution.
Physical and Structural Characterizations of Large-Sized BLFNO Crystals: Capacitance and dielectric losses were measured from 500 Hz to 1 MHz on heating from 5 to 300K. The measurements were performed first on an as-grown BLFNO crystal and then on the same crystal post-annealed at 900°C for 3 h under O 2 atmosphere. The magnetic susceptibility of crushed crystals was measured with a superconducting quantum interference device (SQUID) magnetometer at 2-300 K and under an applied magnetic field of 0.1 T. Single-crystal XRD analysis was performed with a Kappa CCD four circle diffractometer at ICMCB, Université de Bordeaux, and with an IPDS II STOE two circle diffractometer at the Laboratoire de Cristallographie, Ecole Polytechnique Fédérale de Lausanne, both with monochromatized Mo-K α radiation. The crystal structure was refined with SHELXL97 [86] by using the WINGX32 software package. [87] Supporting Information (see footnote on the first page of this article): Details of EPMA on large-sized BLFNO single crystals. Powder XRD patterns and images of crystals grown in experiment 2.
